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Resumen
En este trabajo se presenta un análisis 
morfológico de cobertura forestal en un lapso 
de doce años. Se emplearon dos imágenes 
multiespectrales LANDSAT TM-4 de los años 
1989 y 2001. Estas imágenes cubren un 
área forestal donde han ocurrido cambios 
VLJQL¿FDWLYRV HQ WDOHV DxRV (VWDV LPiJHQHV
IXHURQ H[SDQGLGDV HQ WpUPLQRV GH YDULDEOHV
canónicas que describen la respuesta espacial-
espectral de las masas forestales. Las imágenes 
IXHURQPRGHODGDVFRPRXQFDPSRYHFWRULDOGH
tantas dimensiones como bandas empleadas 
HQHODQiOLVLV6HFRQVWUX\yXQFDPSRYHFWRULDO
XVDQGR ODV EDQGDV GH YDULDEOHV FDQyQLFDV(O
FRQMXQWRGHYDULDEOHVFDQyQLFDVIXHXVDGRSDUD
FXDQWL¿FDU HO FDPELR YHFWRULDO GH ODV PDVDV
IRUHVWDOHV (VWH FDPELR YHFWRULDO FXDQWL¿FD HO
grado de alteración de las masas forestales. Se 
empleó un algoritmo de crecimiento de regiones 
para segmentar las áreas ocupadas por el 
bosque. Este algoritmo emplea como entrada 
ODV YDULDEOHV FDQyQLFDV (O UHVXOWDGR GH WDO
segmentación es una imagen binaria llamada el 
ELWPDS$SDUWLUGHHVWHELWPDSVHOOHYyDFDER
un análisis morfológico del área ocupada por el 
bosque. Se empleó un DEM generado a partir de 
un par interferométrico del satélite RADARSAT-1 
para realizar una referencia cruzada con los 
bitmaps. Esta referencia cruzada conduce a la 
GHWHUPLQDFLyQ GH ODV HOHYDFLRQHV D ODV FXDOHV
ocurren los cambios de las masas forestales.
3DODEUDV FODYH FREHUWXUD IRUHVWDO YDULDEOHV
canónicas, morfología, crecimiento de regiones.
Abstract
$ PRUSKRORJLF DQDO\VLV RI IRUHVW FRYHU LQ D
WLPHVSDQRI WZHOYH\HDUV LVSUHVHQWHG LQWKLV
work. Two multispectral LANDSAT TM-4 images 
of the years 1989 and 2001 were used. These 
LPDJHV FRYHU D IRUHVW DUHD ZKHUH VLJQL¿FDQW
FKDQJHV KDYH RFFXUUHG LQ VXFK \HDUV 7KHVH
images were expanded in terms of canonical-
H[SDQVLRQ YDULDEOHV WKDW GHVFULEH WKH VSDWLDO
spectral response of the forest masses. The 
LPDJHV ZHUHPRGHOHG DV D YHFWRU ¿HOG RI DV
many dimensions as the number of bands 
HPSOR\HG LQ WKH DQDO\VLV $ YHFWRU ¿HOG ZDV
FRQVWUXFWHG XVLQJ FDQRQLFDOYDULDEOH EDQGV
7KH VHW RI FDQRQLFDO YDULDEOHV IRU HDFK \HDU
ZDV XVHG WR TXDQWLI\ D YHFWRU FKDQJH RI WKH
IRUHVW PDVVHV 7KLV YHFWRU FKDQJH TXDQWL¿HV
the degree of alteration of the forest masses. A 
region-growth algorithm was used to segment 
the areas occupied by the forest. This algorithm 
XVHVDVLQSXWWKHFDQRQLFDOYDULDEOHV7KHUHVXOW
of such segmentation is a binary image named 
the bitmap. From this bitmap, a morphologic 
analysis of the area occupied by the forest 
was undertaken. A DEM generated from a 
radar interferometric pair of the RADARSAT 1 
satellite, was used to perform a cross-reference 
with the bitmaps. This cross-reference leads to 
WKHGHULYDWLRQRIWKHHOHYDWLRQRIRFFXUUHQFHRI
changes in the forest masses.
.H\ ZRUGV IRUHVW FRYHU FDQRQLFDO YDULDEOHV
morphology, region growing.
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Introduction
7KHDQDO\VLV RI YHFWRU FKDQJH LVXVHG LQ WKLV
ZRUN WR TXDQWLI\ WKH FKDQJH RI IRUHVW FRYHU
LQ WKH HQYLURQV RI 0H[LFR &LW\ 7KH YHFWRU
change is combined with morphologic analysis 






to quantify change of temporal phenomena 
VXFK DV GHIRUHVWDWLRQ GHVHUWL¿FDWLRQ XUEDQ
JURZWK RU ODQG FRYHU FKDQJH -RKQVRQ DQG
.DVLVFKNH  /H +pJDUDW0DVFOH DQG
6HOW]  &DNLU et al  $ GHWDLOHG
DFFRXQWRIFKDQJHGHWHFWLRQPHWKRGVLVJLYHQ
in Coppin et al  6HYHUDO PHWKRGV RI
FKDQJHGHWHFWLRQLQUHPRWHVHQVLQJDUHJLYHQ
LQ &DQW\  5HFHQW DGYDQFHV LQ WURSLFDO
IRUHVWFRYHUXVHGSDUDPHWULFFODVVL¿FDWLRQDQG
FKDQJH YHFWRU DQDO\VLV WR GHWHFW XQFKDQJHG
and changed areas in the tropical forest of 
$PD]RQLD5DãLet al
 
In the present work, a multispectral image 
LV PRGHOHG DV D YHFWRU ¿HOG RI DV PDQ\
dimensions as bands employed in the analysis 
/LUDDQG5RGULJXH]/LUD,QWKLV
PRGHODSL[HOLVGH¿QHGDVDYHFWRURIDQHTXDO
number of elements as the number of bands. 
Two LANDSAT TM-4 images are used in this 
PRGHOWRREWDLQWKHFKDQJHRIIRUHVWFRYHULQD
WLPHVSDQRIWZHOYH\HDUV$FRUHJLVWUDWLRQRI
the images was applied in order to implement 
RXUPHWKRG DQG WR HYDOXDWH WKH IRUHVW FRYHU





.RQWRHV  $ VHW RI YDULDEOHV ZHUH
calculated from a canonical-expansion of the 
LPDJH/LUDDQG*DUFLD7KLVH[SDQVLRQ
SURGXFHV WKUHH EDVLF FDQRQLFDO YDULDEOHV WKDW
characterize the spatial-spectral state of the 
IRUHVWFRYHU7KHXVHRIYDULDEOHVWRVWXG\ODQG
FRYHU FKDQJH DV D EDVLV IRU FKDQJH YHFWRU
DQDO\VLV KDV EHHQ SURSRVHG /DPELQ DQG
6WUDKOHU/DPELQDQG(KUOLFK7KH
RULJLQDO/DQGVDWEDQGVGH¿QHDGLPHQVLRQDO




This segmentation produced a two-class 
image named the bitmap. The bitmap depicts 
WKH DUHD RI WKH IRUHVW FRYHU DQG WKH UHVW RI
the image. From the bitmaps of the images, 
PRUSKRORJLF FKDQJH ZDV HYDOXDWHG $ GLJLWDO
HOHYDWLRQPRGHO'(0ZDVFRQVWUXFWHGXVLQJ
an interferometric pair of the RADARSAT 1 
satellite. The DEM was combined with the 
ELWPDSVWRGHULYHFRQFOXVLRQVRQPRUSKRORJLF
FKDQJHRIIRUHVWFRYHU
,Q WKH SUHVHQWZRUN RQH YHFWRU ¿HOGZDV
FRQVLGHUHG WKH YHFWRU ¿HOG IRUPHG E\ WKH
FDQRQLFDO YDULDEOHV 3ULQFLSDO FRPSRQHQW




XSRQ DQG FRQFOXVLRQV RQ WKH IRUHVW FRYHU





Two multi-spectral LANDSAT TM-4 images are 
used in this research. From these images, an 
DUHDZDVH[WUDFWHGWKHUHVXOWLQJVXELPDJHV
are dubbed 1989 and 2001. Figure 1 depicts 
a false color composite of the images of 1989 
and 2001. Table 1 shows basic technical details 
RIWKHVHLPDJHV:LWKWKHH[FHSWLRQRIEDQG
all the bands of the images were used in our 
research analysis. Band 6 is not included in the 
analysis due to a different pixel size. 
7KHVH LPDJHV FRYHU DQ DUHD ORFDWHG WR
the east of Mexico City where a forest mass 
VXUURXQGV WZR YROFDQRHV 7KLV IRUHVW PDVV
is formed by a mixture of coniferous trees, 
QDPHO\ SLQH R\DPHO DQG FHGDU +HUQDQGH]
*DUFtD DQG *UDQDGRV 6iQFKH]  )URP
March 1989 to January 2001, this forest 
mass has experienced a change in extension, 




In addition to the LANDSAT TM-4 images, an 
interferometric pair from the RADARSAT 1 
VDWHOOLWH ZDV FRQVLGHUHG 7DEOH  )URP WKLV
LQWHUIHURPHWULF SDLU D GLJLWDO HOHYDWLRQPRGHO
'(0ZDVH[WUDFWHG
The LANDSAT TM-4 images were 
geometrically corrected and corregistered 
using the ephemerides of the orbit. On the 
generation of the DEM from the RADARSAT 1, 
ground control points were used to corregister 
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Figure 1. 5*% >@RIWKHLPDJHVRIDDQGE
Table 1. Basic technical details of multi-spectral Landsat TM-4 images.
,PDJH 'DWH 3DWK5RZ 3L[HOP2 'LPHQVLRQSL[HOV %DQGVǋP
      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      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
      
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the interferometric pair. In this sense, the 
DEM produced by the interferometric pair was 
corregistered with the LANDSAT TM-4 images. 
Both, the LANDSAT TM-4 images and the 
'(0ZHUH UHVDPSOHG WRKDYH WKH VDPHSL[HO
GLPHQVLRQRIîP2. 
Methods
In order to quantify the temporal change 
RIWKHIRUHVWFRYHUWZRPXOWLVSHFWUDO LPDJHV
were considered. On the grounds of these 
images, a model to characterize the spatial-
VSHFWUDOVWDWHRIWKHIRUHVWFRYHUZDVGH¿QHG
7KHPRGHOZDVGH¿QHGE\PHDQVRIDVHWRI
YDULDEOHV 8VLQJ WKH PRGHO D VHJPHQWDWLRQ
RI WKH DUHD FRYHUHG E\ WKH IRUHVW FRYHU ZDV
undertaken. The segmentation based on 
this model results in a binary image dubbed 
WKH ELWPDS DV H[SODLQHG LQ VHFWLRQ  7KH
YDOLGLW\ RI WKH PRGHO ZDV DVVHVVHG RQ WKH
JURXQGV RI D PXOWLYDOXHG SUREDELOLVWLF ORJLF
FRPELQDWLRQ RI WKH YDULDEOHV WKDW GH¿QH WKH
PRGHODVH[SODLQHGLQVHFWLRQ7KHELWPDS
ZDV XVHG WR GHULYH PRUSKRORJLF SDUDPHWHUV
that quantify the temporal change of the forest 
PDVV6HFWLRQ$PHWKRGRIYHFWRUFKDQJH
by means of the principal component analysis 
was considered to quantify the degree of forest 




APRIL - JUNE 2014      121
Figure 2. :RUNÀRZRIWKHPHWKRGRORJ\RIDQDO\VLV
7KH VHOHFWHG YDULDEOHV WKDW GHVFULEH WKH
VSDWLDOVSHFWUDO EHKDYLRU RI WKH IRUHVW FRYHU
DUH 5HÀHFWDQFH RI YHJHWDWLRQ 7H[WXUH DQG
the Greenness band of the Kauth and Thomas 
WUDQVIRUPDWLRQ 7KHVH YDULDEOHV GH¿QH WKH
VSDWLDOVSHFWUDO VWDWHRI WKH IRUHVW FRYHU 7KH
texture determines the spatial roughness of 
YHJHWDWLRQ DQG 5HÀHFWDQFH DQG *UHHQQHVV
HVWDEOLVKHV WKH VSHFWUDO VWDWH RI YHJHWDWLRQ
'HWDLOV RI WKH FDOFXODWLRQ RI WKHVH YDULDEOHV
DUH SURYLGHG LQ VHFWLRQ  6XFK YDULDEOHV
form a canonical expansion of the image 
/LUDDQG*DUFLD,QEULHIWKHPRGHOLV
GHVLJQHGDVD$FDQRQLFDOH[SDQVLRQRI WKH
PXOWLVSHFWUDO LPDJH E$VHWRIYDULDEOHV WR





XVLQJ WKH YDULDEOHV DV LQSXW WR D KLHUDUFKLFDO
UHJLRQJURZWK DOJRULWKP 5+6(* KWWS
WHFKWUDQVIHUJVIFQDVDJRY5+6(*7KHUHVXOW
is a segmented image with a certain number 
RIUHJLRQV7LOWRQet al'HWDLOVRIWKLV
VHJPHQWDWLRQDUHSURYLGHGLQVHFWLRQ
5+6(* VWDQGV IRU 5HFXUVLYH +LHUDUFKLFDO
Segmentation. This algorithm establishes 
a segmentation hierarchy where an image 
LV VHJPHQWHG DW GLIIHUHQW OHYHOV RI GHWDLO
6HJPHQWDWLRQ DW FRDUVHU OHYHOV RI GHWDLO
can be generated from merges of regions at 
¿QHU OHYHOV RI GHWDLO ,Q WKLV SURFHGXUH DQ
object in the image is represented by multiple 
LPDJHVHJPHQWV LQ¿QHU OHYHORIGHWDLO LQ WKH
segmentation hierarchy. In region-growing, 
VSDWLDOO\ DGMDFHQW UHJLRQV LWHUDWLYHO\ PHUJH
to represent and object with spatial-spectral 
KRPRJHQHLW\7LOWRQet al
7KH PRUSKRORJ\ RI WKH IRUHVW FRYHU ZDV
calculated using a group of morphologic 
parameters. A large number of connected 
DUHDV GXEEHG SDWFKHV IRUP WKH IRUHVW FRYHU
7KHHYDOXDWLRQRI WKHPRUSKRORJ\ FRQVLVWV LQ
the calculation of two groups of parameters, 
D WKH QXPEHU RI SDWFKHV DQG LWV DUHD DQG
EWKHKHWHURJHQHLW\RIWKHSDWFKHV7KH¿UVW
group is to assess the extension of the forest 
FRYHU DQG WKH VHFRQG JURXS LV WR DVVHVV WKH
complexity of the landscape form by the forest 
FRYHU 7KH FDOFXODWLRQ RI WKH WZR JURXSV RI
parameters for the images 1989 and 2001, 
SHUPLWWKHTXDQWL¿FDWLRQRIWKHHYROXWLRQRIWKH
H[WHQVLRQRI WKH IRUHVWFRYHUDQGWKHFKDQJH
of its heterogeneity. Morphologic parameters 
were calculated using the Fragstats software 
KWWSZZZXPDVVHGXODQGHFRUHVHDUFK
IUDJVWDWVIUDJVWDWVKWPO'HWDLOV DUH JLYHQ LQ
VHFWLRQ
Since PCA is used to quantify the temporal 
YHFWRU FKDQJH QR UDGLRPHWULF QRUPDOL]DWLRQ
ZDVUHTXLUHGIRUWKHYDULDEOHVWKDWGH¿QHWKH
Table 2. Basic technical details of interferometric RADARSAT 1 images.
 ,PDJH ,PDJH 3L[HOP2 6L]HNP2 /RRNV %DQG
 0D\ -XO\ î î  &FP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VSDWLDOVSHFWUDOPRGHO &DQW\  &KDSWHU
 'HWDLOV RI WKLV DUH SURYLGHG LQ VHFWLRQ
2.2.2. Once the images were corregistered, 
3&$ZDVDSSOLHGWRWKHYHFWRU¿HOGIRUPHGE\
WKH YDULDEOHV RI ERWK LPDJHV 6HFWLRQ 
describes such change. Figure 2 depicts the 
ZRUNÀRZRIWKHPHWKRGRORJ\DERYHGHVFULEHG
In order to corroborate that the selected 
YDULDEOHV DGHTXDWHO\ GHSLFWV WKH VWDWH RI
WKH IRUHVW FRYHU D PXOWLYDOXHG SUREDELOLVWLF
ORJLF LV HPSOR\HG 7KH YDULDEOHV RI WKH WZR
LPDJHVDUHFRPELQHGE\PHDQVRIPXOWLYDOXHG





A canonical expansion is a representation of 
WKH LPDJH LQ WHUPVRIDVHWRIYDULDEOHVZLWK
ORZRUQXOOFRUUHODWLRQDPRQJWKHP/LUDDQG
*DUFLD  7KH YDULDEOHV VHOHFWHG IRU
VXFK H[SDQVLRQ ZHUH 5HÀHFWDQFH 7H[WXUH
and Greenness of the forest masses. The 
FDOFXODWLRQRIWKHVHYDULDEOHVZDVWKHIROORZLQJ
The Greenness is the second band of the Kauth 
and Thomas transformation of the LANDSAT 
70 LPDJH 7KH 5HÀHFWDQFH RI WKH IRUHVW
FRYHULVGHULYHGXVLQJDYDULDQWRIWKHSULQFLSDO
FRPSRQHQW DQDO\VLV /LUD  ,Q WKLV
YDULDQWDVHWRISL[HOVUHODWHGRQO\WRWKHIRUHVW
FRYHU LVPDQXDOO\ H[WUDFWHG IURP WKH LPDJH
7KHFRYDULDQFHPDWUL[RIVXFKVHWLVFDOFXODWHG
7KHVHWRIHLJHQYHFWRUV LVREWDLQHG IURP WKLV
FRYDULDQFHPDWUL[ 7KHVH HLJHQYHFWRUV GH¿QH
a kernel of transformation. This kernel is then 
applied to the whole image. The result is the 
YDULDQW RI WKH SULQFLSDO FRPSRQHQW DQDO\VLV
UHODWHGRQO\WRWKHIRUHVWFRYHU7KH7H[WXUHLV
JHQHUDWHGXVLQJDGLYHUJHQFHRSHUDWRUDSSOLHG
XSRQ WKH ¿UVW WKUHH SULQFLSDO FRPSRQHQWV RI
WKH/$1'6$770LPDJHV/LUDDQG5RGULJXH]
7KHVHYDULDEOHV UHSUHVHQW WKH VSDWLDO
VSHFWUDO VWDWH RI WKH IRUHVWPDVVHV )LJXUH 
shows a false color composite of canonical 
YDULDEOHV IRU WKH LPDJHV RI  DQG 
/HWWKHVHYDULDEOHVEHQDPHGDVIROORZV;1 – *UHHQQHVV;2±5HÀHFWDQFHDQG; – Texture. 7KHVHYDULDEOHVIRUPDQH[SDQVLRQRIWKHLPDJH
in agreement with the following expression
 
g  k,l  =  + a X k,l  
ij ji i( ) ( ) .
j-1
m
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Table 3. Linear regression between canonical bands of image 1989.
Table 4. Linear regression between canonical bands of image 2001.
:KHUHNODUHWKHFRRUGLQDWHVRIDSL[HOLQ
the image, ǋi is the mean of the image bands DQG01DUH WKHGLPHQVLRQVRI WKH LPDJH
The index i is a band of the image, while j is a 
GXPP\LQGH[7KHFRHI¿FLHQWVDij in this case DUHVHWWRRQH+HQFHWKHLPDJHJLVH[SUHVVHG
DVDOLQHDUFRPELQDWLRQRIWKHYDULDEOHVDERYH











Although the same sensor produces the 
images used in this research, the conditions 
of illumination and geometry of acquisition are 
not exactly the same. From one date to the 
other, the solar illumination is different due to 
YDULDWLRQVLQWKHHOHYDWLRQDQJOHDQGFKDQJHVRI
WKHD]LPXWKDQJOHRIWKH6XQ(YHQPRUHWKH
VDWHOOLWH RUELW H[SHULHQFHV VPDOO ÀXFWXDWLRQV
WKDWOHDGWRDJHRPHWU\RIGLIIHUHQWREVHUYDWLRQ
for the acquisition of the images. Due to this, 
it is necessary to carry out a co-registration 
process of the images. The co-registration is 
PDGHE\PHDQVRIDQRUWKRUHFWL¿FDWLRQPRGHO
using the satellite ephemerides applied to each 
image. The radiometric normalization is not 
UHTXLUHG VLQFH WKH YHFWRU FKDQJH LV DVVHVVHG
using the PCA applied upon the ensemble of 
VSHFWUDOYDULDEOHVRIERWKLPDJHV&DQW\
&KDSWHU  7KH FRPELQHG KLVWRJUDP RI WKH
YDULDEOHVIRUWKHLPDJHVRIDQGVKRZ
WKDW D UDGLRPHWULF QRUPDOL]DWLRQ LV DFKLHYHG
)LJXUH7RREWDLQWKHFRPELQHGKLVWRJUDP
an RGB false color composite of the canonical 
YDULDEOHVZDVSUHSDUHG7KLV5*%LVDQLPDJH
of 24-bits depth. Then, a compression of 24-
bits to 8-bits was applied. The histogram of the 
compressed image is the combined histogram. 
The co-registered bands were used in turn to 
GHULYHWKHDERYHGHVFULEHGYDULDEOHV
*HQHUDWLRQRIDELWPDS
7KH UHJLRQJURZWK DOJRULWKP 5+6(* ZDV
DSSOLHGWRWKHVHWRIFDQRQLFDOYDULDEOHVDERYH
mentioned. This algorithm was applied to each 
JURXSRIYDULDEOHVIRUWKHLPDJHVRIDQG
2001. The region-growth algorithm generated 
a segmented image where certain regions 
are associated with the forest masses. In an 
LWHUDWLYH SURFHVV WKH UHJLRQV ZHUH JURXSHG
until reaching a binary image that represents 
a thematic map dubbed the bitmap. This 
LWHUDWLYH SURFHVV FRQVLVWV LQ WKH DJJUHJDWLRQ
RIUHJLRQVUHODWHGWRWKHIRUHVWFRYHU5HJLRQV
QRWDVVRFLDWHGWRWKHIRUHVWFRYHUDUHJURXSHG
into a single class dubbed rest of the image. 
7KH LGHQWL¿FDWLRQ RI UHJLRQV UHODWHG WR IRUHVW
FRYHU LV GRQH RQ WKH JURXQGV RI WKH LPDJH
REWDLQHG E\ PXOWLYDOXHG SUREDELOLVWLF ORJLF
VHFWLRQ7KHSDUWRI WKHFORXGV LQ WKH
LPDJHLVHQWLUHO\RYHUWKHIRUHVWPDVVHV
therefore, that cloud-region was integrated 
LQWRWKHFODVVIRUHVWFRYHU7KLVSURFHGXUHZDV
carried out manually.
This bitmap is a binary image with two 
YDOXHVRUVWDWHVíIRUHVWFRYHUDQGíUHVW
of the image. The bitmap set the grounds for 
WKHTXDQWL¿FDWLRQRIWKHDVVRFLDWHGPRUSKRORJLF
Canonical band First component Texture Greenness
)LUVWFRPSRQHQW   
 7H[WXUH   
 *UHHQQHVV   
 Canonical band First component Texture Greenness
 )LUVWFRPSRQHQW   
 7H[WXUH   
 Greenness 0.6828 0.2142 1.0000
J. Lira
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SDUDPHWHUVRIWKHIRUHVWFRYHUDVH[SODLQHGLQ
VHFWLRQ)LJXUHGLVSOD\VWKHELWPDSRIWKH
images of 1989 and 2001. The bitmaps were 




In a multispectral image gǆU RI ǆ EDQGV DSL[HOLVDYHFWRURIǆHOHPHQWV




 . . . b
Ʀ
} 






:KHUH WKH KRRNV ^` LQGLFDWH WKH VHW RI
YHFWRUVDVVRFLDWHG WRDQ LPDJH/HW Ui be the YHFWRUVRI WKHYHFWRU¿HOGRI WKH LPDJH
and rj those of the 2001 image. According WR WKLV WZRYHFWRU¿HOGVDUHFRQVLGHUHG7KH
UHJLRQ RI WKH YHFWRU ¿HOG DVVRFLDWHG WR WKH
forest masses experience a change from the 
year 1989 to 2001. A measurement of such 
FKDQJHLVUHTXLUHGWRDVVHVWKHPRGL¿FDWLRQRI
WKHIRUHVWFRYHU
7KH YHFWRU FKDQJH FDQ EH PHDVXUHG LQ
VHYHUDOZD\VD%\PHDQVRIDPHDVXUHPHQW
RI VLPLODULW\ EHWZHHQ WKH YHFWRUV ^Ui} and ^Uj`6DQFKH])ORUHVDQG<RRO:DUQHU E 8VLQJ WKH SULQFLSDO FRPSRQHQW
analysis of the whole ensemble of bands of 
WKH WZR LPDJHV &DQW\  F8VLQJ WKH
principal component analysis of the set of 
FDQRQLFDOYDULDEOHVRIWKHWZRLPDJHV
The principal component analysis was 
applied on two sets of bands, namely
L 3ULQFLSDO FRPSRQHQW DQDO\VLV RI WKH
ensemble of bands.
The principal component analysis was 
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7KHYHFWRUFKDQJHZDVPHDVXUHGXVLQJWKH
principal component analysis of the ensemble 
RIFDQRQLFDOYDULDEOHVRIWKHLPDJHVDQG
6L[FDQRQLFDOYDULDEOHV WKUHHYDULDEOHV
from the image of 1989 and three from the 
image of 2001 determine such ensemble. 
7KHUHIRUH D GLPHQVLRQDO YHFWRU ¿HOG LV
GH¿QHG IRU  DQG D GLPHQVLRQDO YHFWRU
¿HOGIRU7KLVYHFWRU¿HOGH[SHULHQFHVD
FKDQJH IURP  WR  7KLV YHFWRU ¿HOG
change can be measured by the use of principal 




 VKRZV WKH ¿UVW SULQFLSDO FRPSRQHQW RI WKH
YHFWRUFKDQJH
7KH UHJLRQVRI WKHYHFWRU¿HOG WKDWGLG
not experience a change from 1989 to 2001 
KDYH D KLJK GHJUHH RI VLPLODULW\ 7KRVH WKDW
GLGFKDQJHKDYHDORZVLPLODULW\7KDWFKDQJH
LV GHSLFWHG LQ WKH ¿UVW SULQFLSDO FRPSRQHQW
,Q ¿JXUH  WKH YDOXHV RI WKH PHDVXUHPHQW
of similarity and principal components are 
VWDQGDUGL]HG DW WKH LQWHUYDO > @ ZKHUH
]HURLQGLFDWHQRFKDQJHDQGWKHPD[LPXP
change. This is translated into an image where 
IRUHVW FRYHU FKDQJH LV JUDGXDOO\ DSSUHFLDWHG
IURPGDUNWRQHVWREULJKWWRQHV)RUHVWFRYHU
alteration is appreciated in bright tones, the 
brightest, the greater the change.
0XOWLYDOXHGSUREDELOLVWLFORJLF
The canonical expansion produced three 
YDULDEOHV ;i that characterize the spatial-VSHFWUDO VWDWH RI WKH IRUHVW YHJHWDWLRQ RI WKH
VFHQH7KHVHYDULDEOHVFDQEHFRPELQHGXVLQJ
PXOWLYDOXHGSUREDELOLVWLF ORJLF1LOVVRQ
by means of the expression
  
:KHUH ; LV WKH UHVXOWLQJ LPDJH RI VXFK
FRPELQDWLRQ ,PDJH ; LV WKH SUREDELOLW\ RI
RFFXUUHQFHRIIRUHVWFRYHU
(TXDWLRQ  UHTXLUHV WKH YDULDEOHV ;i to 
be considered as probabilities. To accomplish 
this, it is assumed that the pixel distribution 
YDOXHVRIWKHYDULDEOHV;i are probabilities. In WKLVVHQVHWKHKLJKHUWKHYDOXHRIWKHSL[HOLQ
;i, the higher the probability. The histogram of ;i characterizes such probability distribution. 7KHKLJKHUWKHYDOXHRIDSL[HOLQ;i the higher WKHSUREDELOLW\RIRFFXUUHQFHRIDIRUHVWFRYHU
7KHUHIRUH WKH PXOWLYDOXHG ORJLF DOORZV WKH
FRUURERUDWLRQ WKDW WKH VHOHFWHG YDULDEOHV
FKDUDFWHUL]H WKH IRUHVW FRYHU SURSHUO\ )LJXUH
 VKRZV WKH PXOWLYDOXHG SUREDELOLVWLF ORJLF
IRUWKHVHWRIYDULDEOHVRIWKHLPDJHVRI
DQG  7KH UHVXOWV IRU WKH PXOWLYDOXHG
probabilistic logic are high probability for forest 
Figure 5. %LWPDSRIWKHLPDJHVRIOHIWDQGULJKW
J. Lira
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Figure 6. D )LUVW SULQFLSDO FRPSRQHQW RI
YHFWRUFKDQJH)RUHVWFRYHUDOWHUDWLRQLVDS-
preciated in bright tones, the brightest, the 
greater the change. Forest mass appears in 
PHGLXPDQGGDUNJUD\E$PSOL¿FDWLRQRI





UHVW RI LPDJH PHGLXP DQG EULJKW WRQHV
,Q PXOWLYDOXHG SUREDELOLVWLF ORJLF GLVWLQFWLYH
probabilities occur for the forest masses and 
the rest of the image. 
'LJLWDOHOHYDWLRQPRGHO
An interferometric pair from the RADARSAT 
1 satellite was used to generate a digital 
HOHYDWLRQPRGHO '(0 RI WKH DUHD RI VWXG\
This interferometric pair was acquired from 
the Alaskan Satellite Facility by means of an 
ASF Project Agreement. Table 2 shows basic 
parameters of this interferometric pair.
7KH'(0 LV GHSLFWHG LQ ¿JXUH  $ FURVV
reference of this DEM with the bitmaps that 
GHSLFW WKH IRUHVW FRYHU FKDQJH )LJXUH 
SHUPLWV WKH HVWLPDWLRQ RI WKH HOHYDWLRQV RI
WKHIRUHVWPDVVHVDQGDQLGHQWL¿FDWLRQRIWKH
DUHDVRIIRUHVWORVV:LWKWKHFURVVUHIHUHQFH
forest loss-type may be related to altitude as 
H[SODLQHGLQVHFWLRQ
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Figure 7. 0XOWLYDOXHG SUREDELOLVWLF ORJLF RI
DDQGE)RUHVWPDVVHVDSSHDU
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Results
3URGXFWLRQRIDELWPDS
7KH FODVVL¿FDWLRQ ZLWK WKH UHJLRQíJURZWK
DOJRULWKP XVLQJ WKH FDQRQLFDO YDULDEOHV
produced the bitmap of the years 1989 and 
2001. The bitmap was used as the basis to 
HYDOXDWH WKH PRUSKRORJ\ RI WKH IRUHVW DUHDV
)LJXUH  DQG 7DEOH  )LJXUH  GHSLFWV DQ
RYHUOD\ RI WKH ELWPDSV RI  DQG 
7KH IRUHVW FRYHU FKDQJH LV VKRZQ LQ UHG
The reduction of forest masses occur in the 
perimeter and in numerous spots within the 
forest.
9HFWRUFKDQJH
Two methods were considered using the 





that indicate forest change match well with the 
ERUGHUVRIWKHELWPDSRI,QWKLV¿JXUH
WKHSHULPHWHURIWKHIRUHVWFRYHUFRLQFLGHVZHOO
with the edges produced by the bitmap. 
 
)LJXUHLVDQRYHUOD\RIWKH¿UVWSULQFLSDO
component of the ensemble of canonical 
YDULDEOHV ZLWK WKH ELWPDS RI  ,Q WKLV
FRPSRQHQWIRUHVWFRYHUFKDQJHVDUHGHSLFWHG
LQYDU\LQJVKDGHVRIJUD\,QVWHDGWKHELWPDS
depicts the total forest loss. Therefore, some 
of the gray shades indicating medium or 
PRGHUDWHIRUHVWFRYHUFKDQJHDUHQRWPDUNHG
by the bitmap. These results corroborate that 
WKH XVH RI YDULDEOHV LQVWHDG RI WKH RULJLQDO
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0XOWLYDOXHGSUREDELOLVWLFORJLF
7KH FRPELQDWLRQ RI WKH YDULDEOHV RI IRUHVW
FRYHU ZLWK PXOWLYDOXHG SUREDELOLVWLF ORJLF
produced an enhancement of the forest zones 
and an inhibition of the rest of the image. 
This corroborate that the selected canonical 
YDULDEOHVDUHZHOODGDSWHGWRFKDUDFWHUL]HWKH
spatial-spectral response of the forest masses 
)LJXUH7KHKLVWRJUDPRI WKHSUREDELOLVWLF
image is bimodal with a sharp decrease around 
GLJLWDO YDOXH RI  $ VKDUS FKDQJH LQ JUD\
VKDGHVIURPIRUHVWFRYHUWRQRQIRUHVWRFFXUV
in this probabilistic image. The borders coincide 
ZHOO ZLWK WKH PXOWLYDOXHG SUREDELOLVWLF ORJLF
of image 2001. Therefore, when the borders 
IURPWKHELWPDSRIDUHRYHUODLGZLWKWKH





morphologic parameters of the forest zones. 
These morphologic parameters are area, 
number of patches, density of patches, form 
of the landscape and fractal dimension. The 
¿UVWWKUHHSDUDPHWHUVGHWHUPLQHWKHH[WHQVLRQ
RI WKH IRUHVW FRYHU 7KH ODVW WZR SDUDPHWHUV
GHVFULEHWKHFRPSOH[LW\RIWKHIRUHVWFRYHU
7DEOH  VXPPDUL]HV WKH YDOXHV RI WKHVH
parameters. The area associated to each pixel 
LVîP2 P27KHGH¿QLWLRQ
and units of these parameters is the following
$UHD1XPEHURISL[HOVRIWKHIRUHVWDUHD
of the bitmap multiplied by the area associated 




,PDJH 3DWFKHV $UHDP2 'HQVLW\SDWFKHV )RUPODQGVFDSH 3HULPHWHU$UHD
    P-2  P
      
      
J. Lira
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to the dimension of the pixel. This quantity is 
expressed in m2.
 3DWFKHV  1XPEHU RI FRQQHFWHG ]RQHV
XQGHU FRQQHFWLYLW\  WKDW LQFOXGH WKH IRUHVW
area. This quantity is dimensionless.
'HQVLW\RISDWFKHV 1XPEHURISDWFKHV
GLYLGHG E\ WKH IRUHVW DUHD 7KLV TXDQWLW\ LV
expressed in m-2.
)RUPRI WKH ODQGVFDSH 0HDVXUHRI WKH
aggregation or desegregation of patches. As 
WKH YDOXH RI WKLV SDUDPHWHU LQFUHDVHV WKH
patches become increasingly disaggregated. 
This quantity is dimensionless.
 3HULPHWHU$UHD IUDFWDO GLPHQVLRQ 
Double of the slope of the line of regression 
of the logarithm of the patch area against the 
logarithm of the patch perimeter. This quantity 
is expressed in 1/m.
From the year 1989 to the year 2001, the 
IRUHVW DUHD ZDV UHGXFHG E\ P2 
7DEOH7KHIUDJPHQWDWLRQDQGUHGXFWLRQRI
the forest areas is the result of illegal cutting, 
¿UHVDQGSODJXHV$FHYHV3DVWUDQD
7KHYDOXHVRI WKHPRUSKRORJLFSDUDPHWHUV
RI WDEOH  SURYH FOHDUO\ WKDW WKH IRUHVW DUHD
WKH ODQGVFDSH EHFRPHV PRUH FRPSOH[ DV
forest mass is lost. A great number of patches 
RIGLYHUVHVL]HIRUPWKHIRUHVWDUHDVGHSLFWHG
LQ WKHELWPDS WKH VHWRISDWFKHV LV HTXDO WR
the total area occupied by the forest mass. For 
DTXDGFRUHL3&UXQQLQJDW*+]DWELW
operating system, the total computing time for 
WKHLPDJHVXVHGLQWKHSUHVHQWLQYHVWLJDFLyQLV
less than 10 minutes.
&URVVUHIHUHQFHRI'(0ZLWKIRUHVWFRYHU
$ FURVVUHIHUHQFH RI '(0 ZLWK IRUHVW FRYHU
ELWPDSLVVKRZQLQ¿JXUH7DEOHUHVXPHV
IRUHVWFKDQJHVUHODWHGWRWKHHOHYDWLRQRIWKH
VWXG\ DUHD 7KH ER[HV LQ ¿JXUH  LQGLFDWH
VHYHUDO]RQHVRIPDMRUIRUHVWFKDQJH7DEOH
$V ¿JXUH  VKRZV PLQRU FKDQJHV LQ
the forest areas occur in the periphery and 
in numerous spots inside the forest. Major 
FKDQJHV DUH ORFDOL]HG LQ WZR ]RQHV WR WKH






the hills to an altitude of about 4000 meters. A 
cross-reference of DEM with the bitmap allows 
WKHORFDOL]DWLRQRIIRUHVWFRYHULQUHODWLRQWRWKH
altitude of the study area. Therefore, on the 
JURXQGVRIWKLVFURVVFRUUHODWLRQWKHHOHYDWLRQ
RIIRUHVWFKDQJHRFFXUUHQFHVFDQEHLGHQWL¿HG
Table 6 has three columns. The left column 
VKRZV¿YHVHOHFWHGDUHDVZKHUHIRUHVWFKDQJH
occurs. The column on the middle indicates the 
HOHYDWLRQVRIWKDWFKDQJHDQGWKHFROXPQRQ
the right the degree of change.
Conclusions
A segmentation of the areas that occupy the 
forest masses in a zone to the east of the 
Mexico City generated a binary image dubbed 
the bitmap. This bitmap was produced using 
DQDOJRULWKPRIUHJLRQíJURZWKWKDWHPSOR\VDV
LQSXWWKHFDQRQLFDOYDULDEOHVWKDWFKDUDFWHUL]H
the state of the spatial-spectral response 
of the forest masses. From the bitmap, it is 
SRVVLEOH WR REWDLQ WKH PRUSKRORJLF YDULDEOHV
that describe the spatial structure of the forest 
DUHDV 7KH DVVRFLDWHG YHFWRU FKDQJH WR WKH
YHFWRU¿HOGVRI WKH LPDJHVRI WZRGDWHV LQD
ODSVHRIWZHOYH\HDUVDOORZVWKHTXDQWL¿FDWLRQ
of the degree and location of the change of the 




and physical situation of the forest masses 
LQ DUHD RI VWXG\ $FHYHV 3DVWUDQD 
FRPSOHPHQW WKH LPDJHDQDO\VLV GHYHORSHG LQ
this research. From these bases the following 
FRQFOXVLRQVDUHGHULYHG
L 6XFK IUDJPHQWDWLRQ LV KHWHURJHQHRXV
within the forest mass and some edges of the 
forest area. The density of patches increases 
since the area is reduced and the number of 
SDWFKHV LQFUHDVHV 7DEOH  WKLV UHVXOW LQ DQ
increase of heterogeneity of the landscape 
IRUPHGE\WKHIRUHVWFRYHUSDWFKHV
LL7KHPRUSKRORJLFVWUXFWXUHRIWKHDUHDV
becomes more complex as the forest area 
fragments. 7KH IRUP RI WKH ODQGVFDSH 7DEOH
 JLYHV WKHPHDVXUHPHQW RI WKH FRPSOH[LW\
RIWKHIRUHVWDUHD7KHYDOXHRIWKLVSDUDPHWHU
increases from 1989 to 2001 indicating that 
WKH FRPSOH[LW\ RI WKH IRUHVW FRYHU DUHD KDV
increased.
LLL 7KH IRUHVW VSRWV DUH UHGXFHG LQ D
FRQVLGHUDEOHDUHD7KHDUHDRIWKHIRUHVWFRYHU
is reduced by slightly more than 100 km2 
7DEOH
LY7KHFDQRQLFDOYDULDEOHVGHVFULEHEHWWHU
the spatial-spectral state of the forest areas than 
the original bands. The application of principal 
GEOFÍSICA INTERNACIONAL
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component analysis to the ensemble of the 
12-bands of the images of 1989 and 2001 did 
not produce meaningful results. The canonical 
YDULDEOHV DUH GHVLJQHG WR FKDUDFWHUL]H WKH
VSDWLDO WH[WXUHDQG WKH VSHFWUDO UHÀHFWLYLW\
DQGJUHHQQHVVUHVSRQVHRIWKHIRUHVWFRYHU
Y 7KH PXOWLYDOXHG SUREDELOLVWLF ORJLF
FRUURERUDWHV WKDW WKH FDQRQLFDO YDULDEOHV
SURYLGHDQDGHTXDWHGHVFULSWLRQRI WKH IRUHVW
areas.
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